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DEVELOPMENT 


OF  THE 

BLOOD  AND  BLOOD-VESSELS. 


In  the  following  paper  it  is  proposed  to  consider  the  structure  and 
mode  of  formation  of  the  blood  and  blood-vessels  in  the  embryo  of 
the  different  classes  of  vertebrate  animals. 

In  the  first  section  will  be  described — 1st,  The  mode  of  develop- 
ment of  the  blood  corpuscle  ;  2d,  The  origin  of  the  colouring  matter 
of  the  same ;  and  3d,  The  source  of  the  serum  and  fibrin  of  the 
blood. 

In  tlie  second  section,  the  structure  and  mode  of  formation  of 
the  blood-vessels  will  be  described. 

SECTION  1. — DEVELOPMENT  OF  THE  BLOOD  CORPUSCLES. 

a  Rpptitiu. — In  this  class,  the  frog,  as  being  most  easily  procured, 
is  -the  animal  in  which  the  development  has  been  chiefly  studied, 
although  perhaps  it  is  not  so  well  adapted  for  this  purpose  as  cer- 
tain others  of  the  same  class. 

In  order  to  understand  the  development  of  the  blood  corpuscle, 
it  will  be  necessary  in  the  first  place  to  describe  the  difi^erent  struc- 
tures which  enter  into  the  composition  of  the  ovum  of  the  frog. 
This,  when  newly  deposited,  presents  the  aspect  of  a  small,  dark, 
round  mass  enclosed  in  jelly-like  substance.  When  examined 
with  a  power  of  250  diameters,  it  is  found  to  consist  of  di)  external 
layer,  of  more  or  less  round  or  angular  cells,  which  are  filled  with 
granules  of  dark  pigmentary  matter,  and  arc  placed  close  together  so 
as  t& constitute  a  single  layer  or  membrane,  within  which  is  contained 
the  vitellus.  The  latter  is  composed  of  the  following  structui'es  : 
1st,  A  number  of  grlinul(?s  varying  in  size  from  what  appears  like 
a  mere  point  on  the  field  of  the  microscope,  up  to  the  40^0*^^  o^' 
Tii/o-ot'^  of  an  indi  in  diameter.  The  smaller  of  these  bodies  are 
generally  round  'and  exhibit,  as  described  by  Prevost  and  Lcbert, 
the  phcnotnenon  of  molecular  motion.  The  larger  are  more  or 
less  angular,  and  commonly  present  a  flattened  oblong  form.  In 
their  angular  shape  as  well  as  in  their  general  character,  they  ap- 
pear to  be  more  or -less  analo"  ou3  to  crystals,  and  have  been  termed 
by  Vogtiand  others  stearine  plates  (fig.  1,  a).  They  arc  colourless  and 
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occur  either  free  or  included  within  a  cell-walh    These  particles  are 

occasionally  seen  to  contain  a  smaller  body  in  their  interior.  They 

swell  out  oil  addition  of  acetic  acid,  assuming  often  an  oval  or  round 

shape,  and  then  gradually  fade  away.    Car-  '  ^ 

bonate  of  soda  does  not  pi'oduce  any  .veiy    ,i  -  -tv  v 

marked  effect  upon  them.    Tuqoentine  was  '^o, 

added  to  them.    They  did  not,  however,  ap-  .  -o  .V 

pear  to  be  changed  by  it.    2dj  Bodies  mea-  ;'  °  ^-^n>, 

suring  from  the  jo'^ot^i  to  the  ^g'ojyth  of  an 

inch  in  diameter.    These  are  generally  round, 

rarely  oval  in  shape  (fig.  1,  h),  are  clearer  and 

apparently  more  delicate  th.an  the  bodies  above  "  •*  a 

described.    In  some  of  them  are  seen  a  few 

very  minute  granules;  in  others  there  are  thf 'Liluro^°fX's'otum'! 
larger  granules,  similar  to.  >those  floating  free,  o,  Upuud  and  ohionc -fi-a- 
and  situated  towards  one  side  of  the  cell ;  "^J^l^^,^ 
again,  ni  others,  we  find  slearine  plates.  Some-  Ri-cifated  around  it.  d,Vw- 
times  they  appear  to  be  half-filled  with  these;  fftc* pi^'yofic ceil.  250 dia. 
They  frequently  contain  one  or  two  minute,  sj)herical  jiarticles.  3d> 
Masses, of  a  round,  irreguhu*,  or  oval  shape,  formed  merely  of 
granules  similar  to  those  described  No.  1  around  the  bodies  No.  2, 
and  without  any  distinct  investing  membrane  or  cell  wall  (fig.  1,  c). 
4th,  Perfect  cells,  consistini;;  of  a  transparent  external  membrane,  en- 
closing a  body  similar  to  No.  2,  wdiich  seems  to  hold  the  relation  of 
a  nucleus,  and  also  a  quantity  of  gi'anular  matter  (fig,  1,  d).  The  cells 
in  question  present  a  more  or  less  dark  grey  appearance,  and  have 
some  resemblance  to  the  bodies  occUi'dng  in  organs:  during  inflam- 
mation— the  compound  granular  cell.  When  isolated,  they  com- 
monly present  a  I'ound  or  oval  shape,  but  when  aggregated  togetlier 
they  appear  to  be  more  or  less  angular.  The  granular  matter  tiiey 
contain  is  sometimes  present  in  such  quantity,  as  to  obscure  the 
nucleus,  or  conceal  it  entirely  from  view.  They  vary  considerably 
in  size.  •  In  many,  the  contained  gi'anules  ftre  nearly  all  large,  and 
present  the  angular  character  already  described ;  in;  othei's,  they  are 
smaller  and  round.  , 

Tliese  bodies,  which  piay  be  termed  embryonic  or  primary  cells, 
liave  been  divided  by  Prevost  and  Lebert  into  two  classes.  The  one 
is  termed  by  them  the  vitelline  globules,  the  other,  the  organo- 
plastic  globules.  The  former,  Hccordipg  to  these,  observers,  is 
splierical  or  ova!  ;  the  spherical  measure  about  O-Oo  to  0-0875  of  a 
millimetre  in  dianieter ;  in  those  which  are  not  spherical,  the  longi- 
tudinal diameter  is  about  0"12o  of  a  millimetre,  while  theii- trans- 
verse dianieter  varies  between  0"075  and  0"875.  The  granules  with 
wJiich  they  a.re,  filled  belong  chiefly  to  the  larger  oblong  variety. 
IJ'he  organo-plastic  globules  are  perfectly  spherical,  measure  from 
0;02  to  0-03  of  a  millimetre  in  diameter,  have  a  brownish-vellow 
colour,  or  brown  colour,  and  contain  a  nucleus  which  resembles 
those  in,  ,thei  vitelline  globules,  exce])ting  that;  ill  is  smaller,  nicasur- 
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ing  from  0'0125  to  0-0175  of  a  millimetre,  Tliey  also  contain 
granules  and  simple  globules.  The  former  term  is  applied  by 
Prevost  and  Lebert  to  the  smaller  rounded  granules  already  de- 
scribed, while  the  term  simple  globules  is  given  by  them  to  the 
iariier  angular  a-ranules,  or  so-called  stearine  plates.         '  ' 

The  vitelline  globules  correspond,  accordmg  to  these  authors,  to 
the  mucous  or  vegetative  layer  of  the  germinal  membrane  in  the 
bird,  while  the  organo-plastic  correspond  to  the  serous  layer  of  the 
same.  The  former  are  destined  to  be  developed  into  the  tissues 
composing  the  organs  of  vegetative  life,  while  the  latter  go  to  the 
ft)rmation  of  those  which  constitute  the  organs  of  animal  lite. 

The  distinction  which  has  been  made  by  these  authors  does  not, 
however,  appear  to  be  very  well  foiinded.  The  cells  which  exist 
in  the  abdominal  portion  of  the  tadpole,  and'  which  appear  to  be 
destined  for  the  formation  of  the  organs  of  vegetative  life,  are  cer- 
tainly larger  in  general  than  the  cells  in  those  parts  from  which  the 
organs  of  animal  life  are  formed.  It  must  be  observed,  however, 
that  among  the  former  there  are  cells  as  small  as  any  of  the  so- 
called  organo-plastic  globules,  and  amongst  these  again  there  are 
cells  present  whicli  have  a  diameter  as  great  as  that  possessed  by 
any  of  the  vitelline  globules.  Moreover,  the  cells  which  go  to  the 
formation  of  the  organs  of  animal  life,  and  which,  therefore,  coiTes- 
pond  to  the  organo-plastic  globules  of  Prevost  and  Lebert,  are  not 
always  spherical  as  these  observers  maintain,  many  of  them  being 
oval  in  shape.  The  other  marks  of  distinction,  as  given  by  these 
authors,  are  in  like  tnanner  not  well  characterised.  ■•y/r. 

It  seems,  then,  much  better  to  employ  the  term  embryonic  or  pri- 
mary cells  to  designate  these  bodies  without  attempting  to  separate 
them  into  two  distinct  classes  as  Prevost  and  Lebert  have  done. 
The  first  blood  corpuscles  resemble  the  embryonic  cells  in  every 
respect.  They  are  round,  do  not  possess  any  colouring  matter  like 
that  which  exists  in  the  perfect  blood  corpuscle,  and  are  filled  with 
gi'anules  similar  in  every  respect  to  those  contained 
in  the  embryonic  cells  ;  \yhen  the  blood  corpuscles 
and  embryonic  cells  are  mingled  together,  it  is  ^ 
impossible,  for  the  first  few  days,  to  distinguish 
between  them,  and  it  is  only  by  examining  the  ^^^-^^p) 
former  as  they  circulate  in  the  vessels  of  the  living    _    o  '^an  , 

I  ^1    ,   '  11    ,  .  .     .1        1    ^     Fig.  2.— The  blood 

anmial  that  we  are  enabled  to  ascertam  that  they  corpuscles  of  a  tnd- 
are  blood  corpuscles.    By  and  by,  however,  the  {^'^|f-io7^°,''2r'' 
blood  corpuscle  maybe  distinguished  from  the       '^"o-  '''^'^  '"l"'- 
embryonic  cell  by  the  circumstances  of  its  presenting  a  slightly 
yellowish  tinge. 

In  tadpoles  measuring  about  three  lines  in  length,  the  branchitB 
are  already  j)retty  well  developed,  and  the  circulation  in  them  estab- 
lished.   In  these,  therefore,  we  have  an  opportunity  of  examining" 
the  corpuscles  as  they  circulate  in  the  vessels,  and  in  this -way  are'' 
certain  that  the  bodies  we  are  examining  are  really  blood  corpuscles.'. 
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TJiey  are  spherical,  po-ssoss  a  delicate  mpnlbraue  or  cell  wall,  and! 
ooiitain  a  number  of  nmud  and  oblong  granules  like  those  already- 
described,.  In  many  these  exist  in  such  number  as  cdmplefely  to 
fill.)them,  in  others  they  are  fewer  in  number.    Besides  "these  gran- 
ules the  blood  corpuscles  contain  a  fluid  which  ))ossesses  considerable 
viscidity.    Sometimes  when  the  blood  corpuscles  are  treated  with 
water,  a  hernia-like  protrusion  may  be  seen  projecting  from  the  side 
of  one  or  more  of  them,  formed  apparently  by  this  fluid.   >,  ■ 
,  J.n  each  of  the  branchial  tufts  there  are  two  vessels^  in:  ' one  of 
which  the  corpuscles  run  in  the  direction  of  the  periphery,  in  the 
other  they  are  directed  inwards  towards  the  heart ;  the  two  vessels 
become  continuous  at  the  extremity  of  the  bran- 
chial tuft  forming  a  vascular  loo[i.    Tiiey  admit         fi|J5  ^ 
tlie  blood  corpuscles  only  in  single  file.  The  latter  /sswf" 
do  not  for  the  most  part  present  any  approach  vt>^ 
to  the  oval  or  elliptical  form  which  they  have  in 

the  full-grown  tadpole  or  in  the  perfect  frftjr.  The 

1       ^       .    1    '  r  i.-     i.1  '°  Fig.  3.— The  blood 

nucleus  is  not  always  very  distuKtly  seen.  corpuscles  of  a  tjui- 

As  regards  their  behaviour  with  reagents,  acetic  pole  further  developed, , 
acid  dissolves  the  cell  wall  or  at  least  renders  it  diMppeiiranL  ^of  ^^^^^^^ 
invisible.    Citric  and  tartaric  acids  p;'oduce  the  srranuiar  matter.  250, 
same  clfcct  upon  tliem  as  acetic  acid.. 

■  In  tadpoles  somewhat  older  therb  ure  still  seen  many  corpuscles 
presenting  the  same  charactei's  as  those  above  described.  In  most 
of  them,  however,  the  contained  granules,  are  of  smaller  size  and 
fewer  in  number  than  those  contained  in  the  corpuscles  of  younger 
ai^paals.  The  blood  corpuscles  vary  considerably  in  size,  some 
being  nearly  twice  as  large  as  the  others  ;  the  largest  measure  about 

S^Q-^th  of  an  inch  in  breadth  and  about  g-jj^th  of  an  inch  in  length, 
le  smaller  measure  about  the  ^^Q-fjth  of  an  inch  in  their  long  dia- 
meter. In  many,  a  round  or  oval  finely  granular  nucleus  is  dis- 
ti4ictly  visible  even  without  addition  of  reagents,  and  sometimes  two 
such  bodies  may  be  seen  in  a  single  corpuscle. 

Many  of  the  corpuscles  present  the  same  spherical  •    •,  ^ 

shape  as  before.    Others  have  a  more  or  less  oval  ^xrZa 
or  elliptical  shape.  The  latter  are  generally  smaller  IH^^^p 
than  those  which  pl-esent  the  spherical  form,  and  A 
are  often  more  or  less  pointed  ^it,  their  extremities.  c--— 
They  contain  several  small :  granules  similar  to  , 
those  in  the  spherical  corpuscles.    The  oval,  or    Fio.  4.— The  blood 

„.     ,    ,  i  ,  ^,     .       ,         i       ii         corpuscles  of  the  tad- 

elliptical  corpuscles  approach  m  cnaracter  those  pole  still  further  deve- 
of  the  fully  formed  tadpole.    All  the  corpuscles  loped ;    «,  Primary 

.  ,      r    ,       .11  1  •     blood  corpuscles ;  l>, 

present  a  more  or  less  yellowish  hue,  deeper  ni  corpuscles  belon^'in^ 
some  than  in  others.'  ,  la-  the  oval  or  ilHptical  to  the  second  sqt;  c, 

,       ^,         I       •  •  1       J     4.  White  or  colourless 

corpuscles,  the  colounng  maibter  is,  more  abundant  >,iood  coi'puseles.  2ol) 
than  in  the  varied,  ones.  .Bqsyes  the 'bodies  thus  diam.^  ,  ;  . 
described,  there  are  sometimes  obsejf  ved  corpuscles  which  in  their 
character  resemble,  more  or  less,;  the  white  blood  corpuscles  which 
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am  seen  more  distinctly,  in  the  yblood  ,  oj^., tadpoles-  fartUer'  ad4 

vancecl.  -     ■  ■»  ■••!•,    '  '•■  ■■        ■.•?•:'<[  '•«•  • 

In  tadpoles,  measuring  about-six  line's'.ia  lengtli^.itiie  tail  hafs  be- 
come much  more  transpaiient,  so  that  tWMcirciilatiuji;  can  now,  be 
observed  in  it,  as  well  as  in  tlie  branchifo.  The  blood  corpuscles, 
which  have  been  described  as  "presenting  an  .oA'al  or  elliptical  sliape, 
are  now  much  more  numerous  than  those  belonging  to  t  he  round  er 
spherical  variety.  In  many  of  them  there  are  one  or  two  granules, 
like  those  contained  in  the  corpuscles  of  the  previous  animal.  Su-cb 
of  the  corpuscles  as  present  a  spherical  shape  ailso  contai/i  more  or 
less  granular  matter.  The  elliptical  or. oval  corpuscles  have,  the 
same  colour  as  those  in  the  perfect  animal.  .-  .  : 

If  we  watch  the  circulation,  as  it  goes  on  in  the  brancbise-  or  tail 
of  .  the  animal  at  this  period,  we  observe  muchtaore  distinctly  thaii! 
before  the.  presence  of  bodies,  analogous  to  the  white  or  colourless 
corpuscle  of  the  perfect  frog.    They  are  round  for  the  most  partj 
colourless,  faintly  granular,  .andihave  a  diameter  of  about  ijgJjf  ^th  of 
an  inch,  some  of  them,  however,  being  considerably  larger,  while 
others  again  are  smaller.    They  con'tariri  a.distinctj  .pund,  or  oval, 
nucleus.    Sometimes  these  bodies  may  be  seen  t*)ohave  a  somewdiat 
oval  shape,  and  appear  slightly  coloured.         .i'jbi.r;i  tif.i 
.  In  tadpoles  farther  advanced  than  the  abbve,  the.  chief  change 
which  is- found  to-.have  taken  place,  is  the  more  or 
.  .  A    fi''^'      less  complete  disappearance  of  the  original  round' 
■  B^,  ^.     or  spherical  corpuscles.   The  blood  corpuscles  are, 

f^^-.        ^now  almost  all  elliptical'  or  oval,:  aVid.fe.w  of  .them 
i  .  contain  airy  of;  the  granules  described  as  existing 
•i  ,     J  .  ,  in  those  of  young  embryos.    Thei'e  are  I  also  pre- 

Fro.  5.— The  blof),d  sent  white  or  colourless  corpuscles, ,  like  those. 

corpuscles  nearly  fully     i       -i       ^        -i     i       /-^        •       ii  r 

feriiied  in  the  tadpole  ;  au'cady  described.  Uccasionally  some !  ot  these 
rt,  Coloured  blood  cor-  bodies  appear  of  a  .raoxe  or  .  less  oval  shape,  and 
corpuscle'; 'cITnter-  ^^^^'^  ^  slight  yellow  tinge.  They  .are  probably 
mediate   stage    be-  transition  forms,  between  the  coloured  and  colour- 

twcen    coloured  and  i  „  nc-^l 

colourless  corpuscles.  COipusciL. 

L'yO  diani.  ;  •;)  '  n  iln  yet  older  animals,  in  which  the  -  extremities 
have  appeaj!ed,  the  eUijrtical  blood  corpuscles  seem  to  be  less  pointed 
at  their  extremities  than  befoi'ie,  and  ])resent  more  the  perfectly  oval 
character  of  . those  in  the  fully  formed  frog.  The  relation ^  between 
the  coloured  and  colourless  corpuscles  is -jvlso  nnich  tbr^; rsame: -aia  iu; 
the  perfect  animal.  •.  it  M-j.- -vip,  .;:!  .      ■:  ,!;..[  -  . 

From  what  has  been  stated,  it  appears  that,  during  the,  develop- 
ment of  :the  frcig,  the;.bl«Dd  . corpuscles  present  at  leastjtwQ  distinct 
phases.. il '  ;iT     ---..a :  ,  :      ■  ■        ,,      .u,      (>i ,.  r 

1st,  The  corpuscles  which  first  appear  aife  spherical,  granular,  and, 
colourlessy  agreehig  in  their  character^  with  the'.embrijfonic  cellsi 
The  gi'anulau  matter  at  first  contained  in  the^  gradually  disappears, 
while,  at  the  same  time,  colourifi,jg  matter  is,  formed  so  that  at  length 
they  present  the  aspect  of  more  or  less  smooth,  roynd,  coloured  cells. 
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Diifing  the  clearing  up  of  these  cells  it  is  the  larger  granules  —tiie 
so-called  stearine  plates — which  disappear  first. 

Id,  Succeeding  these  we  have  a  series  of  corpuscles  formed,  which 
present  a  distinctly  elliptical  shape  and  yellow  colour,  and  contain 
few  or  no  gi'anules. 

It  remains  to  inquii'e,  in  what  relation  the  blood  corpuscles  of  the 
second  set  stand  to  those  of  the  first  set.  Ai'e  they  merely  the  for- 
mer, altered  in  shape  and  other  charactei's,  and  in  this  way  derived 
directly  from  these  ?  Or  are  they  new  structures,  which  have  been 
developed,  independently  of  those  of  the  first  set  ? 

In  regard  to  this  question,  Prevost  and  Lebert  believe  that  the 
first  blood  corpuscles  are  derived  from  that  portion  of  the  embiyonic 
cells  to  which  they  give  the  name  of  organo-plastic  globules  :  that 
these  become  gradually  coloured,  their  granular  contents  disappear- 
ing, while,  at  the  same  time,  they  assume  an  oval  or  elliptical  shape. 
In  this  way  the  second  set  of  blood  corpuscles  are,  according  to  these 
authors,  derived  immediately  from  the  first  set. 

Vogt,  on  the  other  hand,  maintains  that  the  perfect  blood  cor- 
puscles, corresponding  to  M'hat  has  been  above  described  as  the  second 
set  of  corpuscles,  are  not  derived  directly  from  the  embryonic  cells, 
but  are  their  nuclei.  At  first,  according  to  Vogt,  the  blood  cor- 
puscles cannot  be  distinguished  fi'om  the  cells,  of  which  the  different 
organs  are  composed.  They  are  round,  and  have  molecular  con- 
tents. The  nucleus  is  at  first  seen  as  a  clear  diaphanous  vesicle :  its 
contents  are  at  first  hyaline  and  perfectly  fluid,  but  afterwards  be- 
comegranular.  Thecell  wall  of  the  primaiy  blood  corpuscle  disappears, 
and  now  we  find  in  the  blood  only  spherical  cells,  which  present  a 
feebly  yellowish  colour,  and  are  considerably  smaller  than  the  pri- 
mary blood  corpuscles,  and  contain  more  or  less  granular  matter.  In 
proportion  as  the  embryo  advances  the  granular  matter  disappears, 
and  they  become  quite  transparent.  At  this  period  a  fine  shadow- 
begins  to  appear  in  the  interior  of  the  blood  corpuscle.  This  cor- 
responds to  the  first  stage  in  the  formation  of  the  nucleus.  The 
blood  corpuscle  itself  is  round,  more  or  less  flattened,  and  presents 
a  pale  yellow  colour.  According  to  Vogt,  the  blood  corpuscles  only 
assume  the  elliptical  form  towards  the  termination  of  embiyonic  life. 
In  support  of  the  view,  that  perfect  blood  corpuscles  are  the  nuclei 
of  the  original  embryonic  cells,  he  states,  that  the  size  of  the  nucleus 
of  the  embryonic  cell  coiTesponds  with  that  of  the  perfect  blood 
globule  in  the  tadpole.  Again,  according  to  him,  the  nucleus  of  the 
first  blbod  corpuscle  is  when /it  is  first  observed,  very  distinct : 
afterwards  the  blood  corpuscles  are  seen  to  be  smaller,  and  contain 
only  a  nutritive  fluid,  no  nucleus  being  seen  in  them.  If,  then,  the 
perfect  bl6dd  corpuscles  be  formed  by  a  conti-action  and  alteration 
in  form  of  the  embryoniccellsor  primary  blood  corpuscles,  we  ought, 
according  to  Vogt;  "to  observe  the  nucleus  in  them  throughout.  ■ 

In  re^rd  fo  Vogt's  obsei-vation,  Prevost  and  Lebert  state,  that 
they  have  been  able  to  trace  the  primary  ^snvbiyonic  cell  (organo- 
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plastic  globule)  in  all  its  stages,  into  >the  perfect  blood  corpuscle  of 
the  tadpole.  They  have  never,  on  the  other  hand,  observed  any- 
thing in  the  development  of  the  blood  corpuscle  in  the  tadpole  which 
indicates  the  disappearance  of  the  original  cell  wall,  and  the  libera- 
tion of  the  nucleus,  or  the  formation  of  another  body  within  the 
latter,'  such  as  Vogt's  view  implies  must  be  the  case. 

As  regards  the  smaller  size  of  the  perfectly  formed  blood  cor- 
puscle, as  compared  with  that  of  the  primary  cell,  Prevost  _  and 
Lebert  say,  that  the  difference  iia  this  respect  is  very  inconsider- 
able. According  to  their  measurements,  the  primary  blood  cells 
measure  0-02  to  0-03  of  a  milHmetre  in  diameter ;  their  nuclei  vary 
from  0-0125  to  0-0175.  Afterwards  when  the  granular  matter  was 
nearly  absorbed,  the  blood  corpuscles  presented  a  diameter  of  0*0175 
to  0-0225.  Li  those  which  presented  an  oval  shape,  the  length  was 
0-0225  to  0-0275,  the  breadth  O'OISO  to  0-0125.  The  animal  in 
which  these  measurements  were  made  was  but  little  developed.^  In 
embryos,  after  the  appearance  of  the  limbs,  and  in  which  the  circu- 
lation was  complete,  and  the  blood  globules  perfectly  formed,  they 
found  that  the  latter  meastired  0-02  to  0-225  in  length,  and  0*0125 
to  0-150  in  breadth.  Their  nuclei  measured  0-0075  to  0-01.  From 
these  measurements,  the  difference  in  point  of  size  between  the 
primaiy  blood-cell  and  that  which  is  perfectly  developed  does  not 
appear  to  be  very  great,  and  may,  according  tQ  those  observers,  be 
due  to  the  absorption  of  the  contents  of  the  former.  It  would  also 
appear  from  these  measurements,  that  the  perfectly  developed  cor- 
puscle differs  very  much  in  point  of  size,  from  the  nucleus  of  the 
primary  or  embryonic  corpuscle.  In  regard  to  the  observation  of 
Vogt,  that  after  the  disappearance  of  the  membrane  of  the  original 
embryonic  cell,  no  nucleus  is  observed  in  the  blood  corpuscle,  and 
that  at  a  farther  stage  the  nucleus  again  appears  in  them,  they  re- 
mark that  they  have  been  able  to  distinguish  the  nucleus  through- 
out all  the  stages  of  the  development  of  the  blood  corpuscle. 

The  difference  in  point  of  size  between  the  primary  and  secondary 
blood  corpuscles,  appears  to  be  certainly  greater  than  the  measure- 
ments of  Prevost  and  Lebei-t  suppose.  We  do  not,  so  far  as  I  can 
remember,  find  that  any  cell  structure,  while  being  developed  into 
higher  tissue,  becomes  smaller  than  before,  the  tendency  being,  on 
the  other  hand,  always  to  growth — to  becbra6  larger^  at  the  same 
time  that  it  becomes  altered  in  shape.  The  oval  blood  corpuscle  in 
the  tadpole,  on  the  other  hand,  appears,  as  has  been  just  stated,.  l;0 
be  considerably  smaller  than  the  original  embryonic  corpuscle.  An^ 
this,  therefore,  is  opposed  to  the  view  that  the  one  is  immediately 
derived  from  the  otner.  Those  of  the  first  set,  however,  ohen  pass 
so  insensibly  into  those  of  the  second^  that  it  is  very  possible  some 
of  the  latter  may  be  derived  from  the  former.  In  regard  to  Vogt's 
view,  that  they  are  the  nuclei  of  the  primary  blood  cells,  it  is  in 
accordance  to  a  certain  extent  at  least  with  what  is  known  in  regard 
to  the  development  of  the  blood  in  the  higher  animals.  Moreover, 
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ft  ife''"ciiijtie  trne^  that  the  nucloi  are  npt  always  very  distinctly  seen 
in  the  blood  corjuiscles  of  the  young  frog.  The  diffurence,  however, 
'between  the  nucleus  of  , the  primary  or  embryonic 'cells  and  - the 
Wbod 'corpuscles  as  regards  size  as  well  as  other  charficters,  are  such 
to- render  it  im])i'obiible  tliat  the  one  is  formed  from  the  other.  The 
different  stages  of  the  transition  from  tlie  one  to  the  other,  such  as 
'Vogt  describes,  cannot  be  seen. 

■   We  have  alrefvdy,  seen  that  sc^  soon  as  the  perfect  oval  corpuscles 
appear  in  tlrC'  blood/there  also  appear  at  the  same  time  a.  number  of 
round  pale  grariulaf  bodies  corresponding  in  shape,  size,  etri.,  to  the 
white  blood' corpuscles' of  the  perfect  animal.    These  also  present, 
in  general^  corpuscles  which  appear  to  be  intermediate  between  the 
feoloured  * 'and  cofourless  corpuscle,  and  AVliich,' thereforey  'iiimy  ,be 
regarded  as  transition  stnges  from  the  one  to  the  other.  The^most 
probable  vig\v,  then,  in  regard  to  the  origin  of  the  s«(i6nd  set  of  cor* 
puscles  in  the  fi'Og  is,  that  while  a  portiort  of  them  anay^be, formed 
by  a  direct  transformation  of  those  of  the  first  set,  by  fait' tjie  greater 
inumber  of  them  are  derived  from  the  white  or  colou,iiles3  corpusclesi 
■This' vie of  the  formation  of  the  perfect  or  secolndi.set  of  iblood 
■corpuscles  in  the  tacljjole  accords  with  what  .must  take  placa  in  the 
|)erfect  frog.  ;  • 

b.  Av^s. — ^At  a  very  early  period  in  the  development  of  the  clnek, 
leVeh '  before  the  forty-eighth  hour  of  incubation,  we  find,  blood 
corpuscles  formed,  which  differ  but  little,  from  perfect  blood  por- 
pnscles.    Mingled  with  these,  however,  are  cells  which  evidently 
point  to  a  stage  when  the  bU)od  corpuscles,  as  jet  consisted  only  lof 
embryonic  cells  similar  -in  their  nature  l:o  '^lie  rfirst .  set  df  .blood 
corpuscles  in  the  tadpole.    In  blood  from  the  vessels- of^  thenarea 
varculftsa  in  tlie  chick  on  tiie  third  day  'of        ; -''..j^,  e-^-.-j,       ■  ''■' 
incubation,  we-  find  tlie  following  structures':—  ®/%. 
1st,  Eound  or  sphericltl  cells,  measuring  from        ^4^^:^p-*^  ' 
the  ^o'g'Q-th  to  this -Y-g^jjjth  of  an  inch '^^^^         ;  V.V'^r^i-'i^^^^^^^^ 
metei-.    They  possess  a-deljc»<*,-  tJ^iJ^^pai-ent  ,  ^^.!^:^S^f^i^ 
cell  wall,  and  contain  a  number  of  spherical 
particles,  which  refra'ct  the  liglit '  strongly,. 
and  are  evidently  of  a  fattv  nature  (fig. '6,  ■«);  '^i-,  Tr'  '' 

T  n  ^  111      1  1     i  •        i.  I  ll-  l.^- — I'loiw  from  tac 

In  many  of  tliese  cells,  the  nucJeus  is  not  very  a^ca  vasculosa  of  the' bhitk, 
distinct. "Many  of  them  are  colourless,  others  I'orty-ciglit.  liio«rs  iiFter  in- 
present  a  slightly  yellowish  tinge.  2d,  Bodies '^^Xi^o:^ 
similar  to  the  above  in  shape  aud  size,  but  both  bolonfnuf,'  to  thc^  pKs= 
which  contain  few.  or  none  of  the  refracting  :!;''S.^^:}''^oval 'S^^^^^^ 
particles;  aiid  aVe  n^oi'c  distinctly  coloured  (fig.'  belongin!,'  to  thfe  sbccna 
6,  b).  3d,  Bodies  measuring  fi^m  the^^,,^th  ^'^^^f^^^^l 
to  the  Ti-r\7r|-th  of  an  inch  in  diameter,  gene-  puscic;  «,  Coloured  Rranol 
rally  round  and  colourless,  and  containing  "ith.centn.i  sKot.;  ssodia- 
riiore  or  less  granular  matter,  the  particles,  however,  being  in  gener, 
finer  than  those  occurring  in  the  cell."  first  dcsci-ibed.  They  jesemb 
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the  white. or  ^-coburless  cells  of  the  ,bJpod  (fig.  .6,  d).  A  few  of  them 
p-esent  .vn^ore  ■  or  less,  oval  form,  and  ciontaiu  fewer,  grajiulcs.  thap 
tiie  P.thers.  4th,  Oval  blood  corpuscles,,  presenting  a  distinct  yeliQ-\v 
cpl;ouiV  flattened,  and' containing  small  oval  ny;9lei'  (fig.  6,  c).  The 
latter  appear  when  seen  whhin  the  corpuscles,  as  aj.  dar.k  shadow. 
When  the  blood  corpuscles  are  seen  upon  their  edge,  the' nucleus  is 
o})§ierved:  as.^ismgll  projection;  o?i  either  ;.$3de  of, ;the., corpuscle. 
Addition  of  acetic  acid  dissolves  the  cell  \vall,  setting  free  the  nuclei, 
when  these  appear  as  small  oval  finely  grauu^ar.  bodies.  The  greater 
portion  of  the  blood  corpuscles  just  described  agree  in  their  general 
chai-acters  with  those  in  the,  perfect  animal,;  In  a.few^  of  them  w'e 
find  two  or  three  bright  refracting  particles,  of  spherical  form,  sipiifar 
to  those  contained  in  the  cells,  No.  3,  ;  Lastly,  There ,  are  •  almost 
•'Mways  present  in  the  blood  of  the  chick  more  or  fewer  free,  granules 
of  various  sizes  from  a  mere  point  up  to ,  about  the  if.y'o^tli  of  an 
inch  in  diameter.  Some  of  these  are  slightly  coloured,. .and  present 
a  small  dark  "point  in  their  interior  (fig.  '6,.e).  : 

Between  the  colouring  matter  contained  in  the.  blood  corpuscles 
and  that  of  the  yolk  there  is  a  very  great  i'eseHvJ)ia nee.  ,  ; 

Occasionally  in  soijie  .of  the  corpuscles  we  find,  after  addition  of 
dilute  acetic  acid,  two  nuclei' similar  to  whatFahrner  and  Kollike 
iiave  described  as  occurring  in  the  blood  c^puscles,  o^.the  fpjt^il 

.  mam.mal.        .  '   ••;-'   -'r      d  i;i 

From  this  period  onwards  the  only  changes  which  take  place  are 
the  gradual  disappearance  of  the  laa'ge  cells  above  , desqribed,  and  the 
increase  in  the  number  of  the  oval  coloured  cell^.  ..,Almo,st,  all  the 
changes  which,  taliie  place  , in  j the  ;deveiopjiient  of , the..' blood  in  tlje 
chick  are  so  rapid  that  it  is  difficult  to  trace  them.  In  general,  most 
of  the  changes  ,  which  take  ; place  before  the  appearance  of  the  oval 
blood  corpuscles  sesem  to:  befcpmpjeted  before  the  36th  lipur  of  in- 
cubation. 

.    .       :  .     .        In  blood  from '  the  chipk  on  the  ISth'  day  of 
©^■!^ii^'-  '      incubation,  there,  are  very  few,.  sp,np,etimes  ,none, 
■  .;^4''a;^\       of -^he,  large  cells  describe^l  l  aiid.^jQjresent.  It 
consists  almost  OHtireiy  of  the  cprpii^scles  3  and 
i^iMf!^^''        4,  with  a  number  of  free  granules  simiiai^to  .those 
already  described.    There  ai'e,,liowever,  inpt;  in- 
frequently present  bodies  which  have  the  same 
oval  shape  as  the  blood  corpusples,  but  are  either 
'        j"'""^]'®  eolourlessL:  pr  verY..sliij;htly  coloured.    They  do 

fifteen  days  after  mcu-       .  '  J  \-  ^-     ^  n  i 

tation;  a,  Blood  cor-  not,,  moreover,  prcscut  the  (listnict,  flattened  ap- 
;pusck'  of  second  set ;  b;  pearaiicc  of  the  blood  corpuscles.    They  also  con- 

Colourless  corpusclo :  c,  1  •  i  ■<        ^  ,  '    i  ' 

Oval,  (jrannlar  colour-  i-^"'  ''■^^  o^'^i  granular  nucicus,  and  sometimes  a 

less  corpuscle,  a  transi-  few  granules  (fiff.  7). 

tioii  stuKc  between  the       c  .i'  ii  i       i         i   i  i      i  1 

two  former  bodies;  cl,  oome  ot  tile  oval  coloured  blood  corpuscles 
;. Granule  ivitii'  ceiitral  contain  a  fti'anule  or  two  of  a  brisiht  rcfi-acting 

spot.    250  diam.  ^  " 

t  ,  j  appearance. 
During  the  development  of  the  blood  in  the  chick,  it  seems  pr,o)> 
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able  that  there  are  two  sets  of  corpuscles  just  as  in  the  frog  ;  the  one 
set  corresponding  to  thelai-ge  cells  described  1  and  2,  derived  from 
the  embryonic  corpuscles;  the  other  formed  povlW  from  these, 
partly  probably  in  the  liver,  but  chiefly  from  the  Avhite  or  colourless 
blood  corpuscles. 

■;   c.  Mmnmalia. — In  blood  taken  from  the  umbilical  vein  of  an  em- 
bryo calf  about  1^  or  2  inches  in  length,  the    g  • 
following  structures  vrere  found: — 1st,  Bodies  ^ 

•  presenting  a  more  or  less  spherical  shape,  mea-   I 

suring  from  the  25^9*^^     the  ooVo^h  of  an  inch     •^  J'  •  «  c 

in  diameter,  and  perfectly  colourless.  They  con-       \^W)  ®  ^ 

tained  one,  sometimes  two  nuclei,  besides  finely  • 
granular  matter.  The  nuclei  measured  from  the  „ 

■\     jy    .     .-I  1.1      p         •     1    •      ^•  t''^  umbilicju  vein  of  an 

?000*"  t^  ■ffSoa'-h  Ol  an  nich  m  (hameter,  embryo  calf,  two  inches 

were  generally  round,  and  finely  ariinular.   2d,  long ;  a,  Large  colourless 

n    I-  •      •      •  I    1      "       1    1       1       '  cell;  b.  Large  cell  co- 

Jiodies  agreemgui  size  and  sliapewith  the  above,  loureti— both  corpuscles 
but  differing  from  in  presenting  a  smooth  sur-  ^"'^ 

t>  I  •     1    •  1  1         1     mi        loured  corpuscle  of  se- 

tace,  and  in  bemg  more  or  less  coloured.  These  cond set ;  d,  l^ree  nucleus, 
also  contained  one,  and  sometimes  t\vo  nuclei.  SoOdiam. 
3d,  Corpuscles  presenting  the  same  characters  as  the  blood  corpuscle 
in  the  animal  after  birth,  but  smaller  and  more  spherical  than  cliscoid 
in  shape.  4th,  Bodies  presenting  the  characters  of  the  nuclei  de- 
scribed as  contained  in  the  corpuscles  1  and  2  (fig.  8). 

Between  the  large  colourless  and  coloured  cells  1  and  2  there  are 
corpuscles  present  which  seem  to  be  transition  stages  from  the  one 
to  the  other;  so  also  between  the  free  nuclei  and- coloured  blood  cor- 
puscles 3.    '  '     '-'^  J*'- 

In  blood  taken  fi-om  the  umbilical  vein  of  an  embryo  sheep  about 
3  inches  in  length  structui'es  similar  to  those  above  described  were 
found. 

In  blood  fi'om  the  umbilical  vein  of  an  embryo  calf  12  inches  long 
the  large  coloured  corpuscles,  as  ^^■ell  as  the  corresponding  pale  ones, 
■  were  veiy  few  in  number.  The  blood  corpuscles  consisted  entirely 
almost  of  the  bodies  3,  and  of  white  blood  corpuscles.  The  latter 
were  present  apparently  in  much  greater  inimbers  than  in  the  adult 
animal.    They  often  adhered  together  in  clumps. 

Blood  from  the  heart  presented  the  same  characters. 

The  younger  the  embryo  the  more  numerous  are  the  bodies  1  and 
2.  They  ai)pear  to  be  analogous  to  the  primary  set  of  corpuscles  in 
the  frog  and  bird,  etc.  Those  containing  two  nuclei  are  evidently 
identical  with  the  bodies  which  have  been  described  by  KoUiker  and 
Fahrner, 

The  bodies  3  correspond  to  the  second  set  of  corpuscles  or  perfect 
foetal  blood  corpuscles. 

The  free  nuclei  seem  to  be  structures  in  process  of  being  converted 
inttj  the  corpuscles  belonging  to  the  2d  set  or  perfect  blood  cor- 
-.puscle. 
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In  blood  from  the  umbilical  vein  of  a  calf  1^  feet  in  length  none 
of  the  bodies  1  or  2  were  present.  '  ■  r     ■  • 

The  greater  number  of  the  blood  corpuscles  |)rese'nt  the  same  cha-J 
racters  as  those  in  the  adult  animal,  with  this  exception,  that  they 
are  smaller,  and  appear  less  distinctly  discoid  in  form.  In  the  latter 
periods  of  embryonic  life,  the  large  cells  described  1  and  2,  gradually 
disappear,  the  round  coloured  corpuscles  alone  remaining.  It  is 
fcommonly  stated  that  the  blood  corpuscles  of  the  foetus  are  distiai- 
guished  from  those  of  the  adult  by  their  greater  size,  as  well  as  from 
the  circumstance  of  their  possessing  nuclei.  This,  however,  is  true 
only  of  the  first  set  of  corpuscles,  occurring  in  the  very  early  periods 
of  embryonic  life.  Those  of  the  second,  set  (Nos.  3  and  4),  which  form 
the  great  mass  of  the  blood  corpuscles  during  the  greater  portion  of 
embryonic  life  are,  as  we  have  stated  above,  of  smaller  size  than 
those  in  the  adult,  and  do  not  contain  any  distinct  nucleus.  As  has 
been  shown  by  the  researches  of  Harting,  the  different  constituents 
of  the  foetal  organs  are  all  of  smaller  size  than  the  corresponding 
parts  in  the  adult ;  the  Harveian  systems  in  the  bones,  for  example, 
are  much  narrower;  so  also  the  elementaiy  fibres  of  muscle  are 
more  than  one-third  finer  than  those  in  the  perfect  animal.  Hence, 
then,  it  is  only  to  be  expected  that  the  perfect  foetal  blood  corpusble 
should  also  be  of  smaller  size  than  those  of  the  adult.  According 
to  Harting,  the  blood  corpuscle  grows  very  little  during  the  last 
two-tlurds  of  embryonic  life.  They  grow  very  rapidly,  however, 
shortly  after  an  independent  respi^ration  has  been  established,  and 
soon  attain  the  size  which  they  have  permanently  in  the  adult 
animal.  •    '  •  "  l>"-'>l)(ti  linn:.*. 

In  regard  to  the  development  of  the  blood  corpuscle  in  the  differ- 
ent classes  of  vertebrate  animals,  different  views,  a.i  may  be  sup- 
posed from  what  has  been  alreiidy  stated,  are  entertained.  They 
may  be  reduced  to  the  following: —  fjt 

1.  The  blood'  corpuscles  are  derived  from  the  cells  of  the  vitelluSl 
These  become  gradually  coloured  and  flattened, '  at  the  same  tiin^ 
that  they  become  altered  in  shape  and  lose  their  granular  contents. 
Such  is  the  view  which  is  given  by  Schtiltz,  from  ah  examinatio'ri 
of  the  development  of  the  blood  corpuscle  in  thfe'ifro'g.'  'TUie  sam^ 
view  has  also  been  taken  by  Lebert  and  Prevost.      •        '  '      '  ' 

2.  From  the  observations  of  Fahmer  and  Kolllker,  the  first  blortd 
corpuscles  in  the  mamihalian  embiyo  also  are  formed  in  the  manner 
above  mentioned,  from  the'  cells  of  the  mucous  layer  of  the  germinal 
membrane,  but  afterwards  increase  by  a  process  of  fissiparouS  gene- 
ration. "  ;  ••  -    iu-j  -J ill  "lo  R>«;!  ' 

3.  Vogt,  again,  as  has  b^eh  already  stated,  while  h'6'MieV^k'  fhat 
the  first  blood  corpuscles  are  derived  from  the  embryonic  cells,  niain- 
'tains  that  the  perfect  blood  corpuscles,  those,  namely,  which  we;haVe 
•  described  as  the  second  set,  are  not  those  of  the  first  set  altered  in 

shape  and  other  characters,  but  are  the  nuclei  of  the  same.  The  cell 
wall  of  the  primary  blood  corpuscle  disappears,  its  nucleus  i^  set  frefe, 
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and  bqcpuies  devtjlpped  into, the  perfect  blood  corpuscle.,  .-(IHiei^ucJeus 
whiich  is  seen  in  these  is,  according^ to,  Yp^t's^^eAV,  , a  pec^dfjr^  for- 
mation, fiiiucleol,us,, in  short.,,,  ;,  I      ;  ..  ;  '     ■■       ;  (  ,  ,  ..  ■,  . 

..  4<  ^^JPther-vie^y  iri:r^a?rd.  to  the  origit3.,Q^;jthe.  blood;  coi7i.^splcs^ 
is  that  of;Macleod  a,nd  oth,ersj)Who  hold  tliiit  •tjie^j'i^jse/rotn.ujinij^e 
granules.,  _  ;■;      ,    ,  ,  .:i:f-)',       '     'Ir.  .-^ 

■  ^.  Froin  the  observations  of  Reiehert  and  Kolliker,  it  appears  that 
a  portion ^at; least  of  the  blood  corpuscles  in  the, embryo  ;ire  formecj 
ill  the  liver.  According  to  Weber,  when  .the  vitellus  is  withdrawxj 
into,  the  cavity  of  ,the  abdortiep  at  the  (jnd  o£  embryonic  hfe,  tlipfatt.y 
u^atter  which  it  contains  is  absorbed  by  the  blood-vessels  and  carried 
to  the  liver,  where  it  is  partly  converted '  into  bile  and  also  in  part 
into  blood  corpuscles. 

There  seejxis  to  be  no  doubt  that  the  bodies  wliich  we  have  de- 
scnbed  as  the  first  .set  of  blood  coi^)uscles  are  merely  a  poiljion  of  the 
pmbryouiq,  cpUs,  ■  derived,  ..^ccorclnng  to  most  obsprvers,  fvpm.  the 
mucous,  layei'  of  the  germinal  membrane.  On  this  point  nesirly  ^11' 
observers  are  agreed.  .    ■   i;  i 

,  It  is  ^chiefly  in  i:egard  to  the  origin  of  the  secqnd  ?et.  of  blood  cor'; 
puscles  that  the  differences  of  opinion  exist — Sehultz,  Prevo^^^ .Jy.er 
Lert,  and  others,  supposing  that  they  are  the  first  set  of  corpuscle* 
altered  in  shape  ;  v  ogt,  etc.,'  believing  them  to  be  the  nuclei  of  these. 
In  adc^ition  to  wluU  ha-s  been,., already  stated  in  regaixl  to  these  twp 
views,  we  will  merely  add  that,  granting  the  blood  corpuscles  of  the 
first  set  are  converted  into  those  of  the  second  in  either  lof  the  t"yyo 
\vays  meyitioined,  the  numbei)  of  the  corpuscles  so  formed  mnst  bp 
very  small  indeed  compared  with  the  number  actually  existing  in 
the  blood.  Moreover,  the  corpuscles  of 'the' second  set  increase 
gi'eatly  in  number  during  the  entire  period  of  embryonic  life,  and 
i,ong  after  the  primary  corpuscles  have  disappeared.  Those,  there- 
fore, which  are  formed  after  the  disappearance  of  the  corpuscles  be- 
longing to  the  first  set  must  have  a  different  origin ;  they  cannot  be 
formed  from  these  bodies,  inasmuch  as  they.no  lor^ger  exist  hi  the 
blood.  From  the  observations  of  Kolliker  and  Fahrner,  it  is  true 
the  increase  of  the  blood  corpiiscles  in  number  might  be  ascribed  to 
the  fissiparous  division  of  previously  existing  corpuscles.  It  must  be 
observed,  however,  that  it  is  chiefly  or  exclusively  to  the  corpuscles 
of  the  first  set  thaf  their  observations  apply,  v  ,  . 

We  have  already  stated  that,  simultaneous  with  the  appea^*fi),ice 
of  the  blood  corpuscles  of  the  second  serieff,  the  white  or,  colourless 
corpuscles  also  appear.  Moreover,  it  is  generally  po.ssible,  in  the 
blood  of  the  chick  and  frog,  to  observe  bodies  which  seem  to., be 
tj'ftnsition'  stages  from  the  one  to  the  otlier.  Hence,  then,  although  it 
sepms  probable  that  a  portion  of  the  coloured  corpuscles  of  the  second 
set:i?ire  derived  from  those  belonging  to  the  first  set,  and  are  ]n-oba,bly 
also  formed  in  the  liver,  the  great  mass,  of  these  bodies  seems,  to  be 
derived  from  l,he  colourless  blood  corpuscles.  As  regards  the  rela- 
tion in  whicjx|tl^?fie, two  structures  stand  to  each ^o^ther,  it  ^(?ems  to  l}e 
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different  in  tiie  higher  and  lower  classes  of  vertebrate  aniniiils;  'HA 
the  latter  the  colourless  corpuscle  appeal's  to  be  itself  developed  into 
the-  coloured,  the  nucleus  of  the  former  remaining  as  tlie  nucleus  of 
the  latter.  Such  is  the  case  in  the  frog,  lisli,  and  bird.  In  inam- 
malia,  again,  it  appeaxs-lto  be  the  nucleus  only  of  the  white  or 
.^colourless  corpuscle,  AVliidv  is  converted  into  the  coloured. 
-  "^^'om  all  that  has  been  stated  in  regard  to  the  development  of  the 
blood  coi-jDusele,  it  seems  Jtii^'' follow  jjti-!-! 

1.  That  there  are  tivo  sets  of  Mood  corpuscles  in  the  foetus  of  verte- 
brate animals.  Those  belonging  to  \k\Q.' first  set  are  round,  granular, 
niicleated,  and  colourless. :  x^fter  a  time,  they  become  more  or  less 
colom-ed,  their  granular  matter  at  the  same  time  disappearing  to  a 
great  extent.    Those  of  the  second  set  differ  from  the  corpuscles  of 

i;he  first  setj  ih  being  coloured,  in  their  smaller  size,  and  in  contain- 
ing but  little  or  no  gi-anular  matter.'^'" In  tte  lower  vertebrate,  in 
addition  to  the  marks  of  distinction  above  sfatedj  they  differ  from 
those  of  the  first  set  in  being  illiptical  or  oval,  and  in  the  mammal 

fthey  differ  from  thosd  of  the  first  set  in  not  containing' any  nudeus. 

2.  That  the  former  set  af  corjntscles  are  derived  from  the  emhryonh 
coTpuscles,  and  prohahhi  indrectse  bu-fissiparous  division,  others'  being 
also  derived,  from  the  &'vm-'' ^r-'    ~>  i'  f;     <(•  '    ''lii  oiit 

3.  That  the  cot^mscles  belongikg  to  the  [second 'set  may  in  part  be 
derived  from  those  of  the  first  set,  as  xoelias  from  the  liver  the  greater 
number  of  them,  however,  being  formed- from  the'  ivhite  or  coloiirless 
leorpuscles. 

2.  Origin  of  colouring. .  matter i'—Thti-'  formaition' of ■  the  Golsui'ifig 
-matter  of  the  blood  corpuscle  appears  to  be;  raore:a  chemical,^' thati' a 
morphological  process.'  Before  therefore  it  can  be  determined  from 
what  source,  or  in  what  manner  it  is  formed-,  it  is  necessary  to  as- 
certain accurately  the  vai-ious  constituents  of  the  blood,  as  well  as 
the  changes  produced  upon  these  when  exposed  to  the  inflnen<5e  df 
■the.  different  agents  which  'may  act  upon  them  in  the  body.  At 
•present,  however,,  such  a  knowledg|e  is  not  possessed  ;  'it  is  not  known 
ivnth-  certainty  whether  the  ^colouring  mattfer  ife  derived  from'  thos'e 
•iiibsianccs'whicli'pass  into  the  blood  for  the  nutrition  of  the  different 
•lisbvies,  or  whetlier  it  be  formed  from  the  eftl:'te  matters  derived  from 
these.  •  As  little  does  it  appear  to  be  known  in'  what  part'of  the'body 
it  is  formed.  ju  ,,f.u:  <.i  ihj-j 

The  chief  theories  as  to  the  source  of  the  colbuiriiig  iftlttt^r  or 
hicmatine.  ace  two.iii  dumber.    Neither  of  them,  However,  appeal's 
-to  be  sufficiently  supported  by  facts.    The  one  is  that  it  t|epends  oft 
(the  iron  contained  in  tlie  blood  corpuscle,  and  this  view  seems  to 'be 
<fitrengthened  by  the  generally  admitted  fact  that  the  administration 
of  iron  in  cases  of  chlorosis  tends  much  to  irestol'e  tlie  .blodd  tp  it« 
normal  condition.    It  appears,  however,  that  certain  other  metallic 
'.tonics  have  much  the  same. effect.  >  'Moreover,  ther^  is  no  reasoii  to 
suppose  that  in'tlie  coloniicsilcoPpiiscle  also  iron  dbes  'hot  existlt  Jh 
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the  solids  of  the  lymph  and  chyle,  indeed,  the  proportion  of  iron 
appears  to  be  as  great  as  it  is  in  tliose  of  the  blood.  Again,  iron  is 
also  present  in  the  comparatively  colonrless  blood  of  the  inverte- 
brata.  If  tbe  colour  of  the  blood  corpuscle  in  the  vertebrata  depends 
on  iron,  the  latter  substance  must,  after  it  enters  the  blood,  exist  in 
a  different  state  of  combinatioii  from  that  in  which  it  exists  in  the 
lymph  and  chyle.  The  researches  of  Simon  and  Scherer,  how- 
ever, show  that  the  colom*  of  heematine  does  not  depend  so  much  on 
the  iron  it  contains,  as  uj^on  its  other  constituents.  Accorduig  to 
these  observers  all  the  iron  may,  by  means  of  concentrated  sulphuric 
acid,  be  extracted,  and  yet  the  colour  of  the  litematine  remain. 

.  The  second  theory  in  regard  to  the.  origin  of  the  haematine  lis, 
;that  it  arises  from  fatty  principles. 

The  following  facts  would,  seem  to  indicate  that  the  two  are  at 
least  connected.  In  the  young  frog,  as  already  mentioned,  blood 
corpuscles  of  the  first  set  contain  much  fatty  matter.  This  exists  in 
the  shape  of  the  round  and  angular  gi'anules  which  have  been  already 
described.  In  these  bodies  as  soon  as  tlie  colouring  matter  begins 
■to  be  formed,  the  granules  begin  to  disappear,  and  in  the  same 
proportion  as  the  former  increases,  the  latter  decrease.  So  also  in 
the  corpuscles  of  the  lympth  and  chyle,  which  on  entering  the  blood 
constitute  the  white  corpuscles,  there  are  also  more  or  less  fatty- 
granules  present.  In  the  conversion  of  these  bodies  into  perfect 
blood  corpuscles,  their  fatty  granular  matter  gradually  disappears, 
its  place  being  taken  up  by  colouring  matter.  The  obsen'ations  of 
Weber,  already  mentioned,  that  the  coloured  fatty  matter  of  the 
•yolk  is,  towards  the  termination  of  the  embryonic  life  in  the  cliick, 
carried  to  the  liver  and  then  goes  to  the  formation  of  blood  corpus- 
cles, also  show,  if  correct,  the  connection  between  tlie  hsamatine 
and  fatty  matter.  Between  the  colouring  matter  of  the  yolk  and 
that  of  the  young  blood  corpuscles,  there;  certainly  exists  a  great 
resemblance. 

.'  Most  of  the  colouring  principles  in  animals  are  at  least  associated 
with  fatty  matter.  Thus  the  beaiitiful  colouring  matter  in  many 
insects,  the  red  colouring  principle  in  the  shell  of  the  crab  and 
lobster,  while  insoluble  in  water,  are  perfectly  soluble  in  all  the 
media  which  dissolve  fatty  matters,  such  for  example  as  alcohol  or 
ether.  The  yellow  colouring  matter  of  the  corpus  lutemn  in  the 
cow  is  also  of  the  same  nature.  ■•  / 

Again,  that  the  formation  of  the  haematine  is  in  some  wky  or 
Qther  connected  with  the  respiration,  is  probable  from  the  fact  that 
in  the  frog  it  begins  to  be  formed  about  the  same  time  that  the  cir- 
culation in  the  branchia;  commences,  and  only  after  the  respiration 
is  fully  established,  does  the  colouring  matter  in  the  blood  appear  to 
be  perfectly  developed . 

M.  Source  of  ilie  Serum  and  Fibrine.-^lhe  embryonic  corpuscles 
in  tli«  ova  of  all  animals, : are  imbedded  in  a  fluid  which  presents 
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Axsnch  the  same  cliemical  constitutioii  as  tlie:*erum  of  the  blood.  .It 
•iorms  the  blastema  from  which  the  cells  of  the  ovum  are  developed, 
•and  from  ^^-hich  ihey  derive  the  material  for  their  nourishment.  It 
performs  the  same  ofQce  to  the  cells  of  the  ovum  which  the  serum 
■of--  the  blood  performs  to  the  different  tissues  of  the  perfect  animal. 
The  serum  of  the  blood  in  very  young  embryos  appears  to  >  onsist 
merely  of  a  portion  of  this  fluid,  just  as  the  embryonic  corpuscles  con- 
stitute the  first  blood  corpuscles,  so  also  the  serum  of  the  blood -is  at 
first  formed  of  a  portion  of  the  fluid  in  which  the  embryonic  cor])uscies 
float.  According  to  Prevost  and  Lebert,  it  is  probable  that  the  Jis- 
ap^'jearance  of  the  granules  from  the  embryonic  corpuscles  is  due  *•> 
a-iiquefaction  of  the  same,  while  the  fluid  so  formed  passes  tlirougl; 
the  cell  wall  by  a  process  of  exosmosls,  and  constitutes  the  senim 
'of  the  blood.  It  seems,  however,  more  probable  that  the  granules 
in  question  go  to  the  formation  of  the  ha3matine.  In  the  mammal 
the  serum  must  be  chiefly  derived  from  the  maternal  system  by  ab- 
soi-ption  thi'ough  the  medium  of  the  placenta.  As  soon  as  th( 
lymphatic  system  is  formed,  the  serum  of  the  blood  must  in  the  frog, 
at  least,  be  chiefly -derived  from  this  source.  i;;  -. 

Zimmerman  and  others,  regarding  the  fibrine  as  not  intended  to 
afford  nourishment  to  the  tissues,  but  as  a  product  of  their  effete 
matter,  have  stated  that  the  blood  of  the  foetus  contains  no  fibrine. 
In  the  chick,  however,  on  the  thii'd  or  fifth  day  of  its  development, 
I  have  sometimes  removed  from  the  heart  a  small  mass  of  coagulated 
blood.  In  the  mammalian  foetus  pretty  far  advanced,  I  have  also 
observed  that  when  the  blood  taken  from  the  umbilical  vessels  was 
allowed  to  stand  for  a  short  time  a  coagulum  formed.  This,  how- 
■'ever,  is  much  looser  and  smaller  compared  with  the  quantity  of 
blood  than  in  the  adult,  and  in  the  vessels  and  heart  of  the  foetus  I 
have  not  observed  firm  coagula,  such  as  occur  after  death  in  those 
of  the  perfect  animal.  The  quantity  of  fibrine  then  in  the  blood  of 
the  foetus  appears  to  be  much  smaller  than  that  in  the  blood  of  the 
adult,  and  in  very  young  foetuses  it  probably  does  not  exist  at  ail. 

The  presence  of  fibrine  in  the  blood  of  the  foetus  cannot  be  re- 
garded as'  an  objection  to  the  views  held  by  Zimmerman,  Hughes 
Bennett,  and  others,  in  regard  to  the  origin  of  this  suhstancej  inas- 
much as  we  must  expect  that  the  process  of  disintegration  goes  on 
during  embryonic  life,  in  the  feame  manner  as  in  the  growing 
animal,  though  perhaps  in  a  less  degree,  and  as  a  result  of  this 
process  fibrine  may  be  formed,  though  in  smaller  quantity  than 
in  the  blood  of  the  animal  after  birth. 

SEC.  ai.-ui)itrEE0PMBNa?r)A3rij  STRUCTURE  OF  THE  BLOOD-VESSELS. 

'"i        !'..V'=,'  •)  i:'l(:  :\:.//  y;:iv,-'i,  t]: 

In  what  follows  on  the  development  and  structure  of  the  foetal 
blood-vessels,  the  same  alTtingement  will  be  observed  as  in  the  pre- 
ceding section.   Thc^  mode  of  formation  and  Structure  of  the  greater 
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and  smaller  blood-vessels  will  be  described,  first  in  the  lo>yierj  and, 
secondly,  in  the  higher  classes  oi' vertebrate  animals.  .For  this  pur-' 
pose  the  frog  1ms  been  selected  as  an, example  of  the  lower  vesrtebrata, 
the  embiyo  of  the  ox  and  sheep  as  examples  of  the  higher.  <  ;  u 
,1'a.  Lower  yertehmtu. — In  the  frog  the  development  of  the  blood- 
vessels has  been  studied  by  several  observers,  chiefly  by  .V^ogt,  Pjre- 
vost  and  Lebcrt,  and  by  KoUiker.  .'m  ■      .  v;  •. 

In  the  tadpole,  before  leaving  the  gelatinous-like  material  in  which 
it  is  at  first  enclosed,  the  braiichifv)  are  observed  as  two  small  swell- 
ings near  the  cephalic  extremity  of  tlie  body.  When  examined  at 
this  period,  tliey  are  found  . to  be' entirely  composed  of  :the  structures 
already  described  as  forming  the  vitellus,  and:  containi  no,  distinct 
blood-vessels.  ;  ,     '  ■ 

In  animals  about  three  lines  ii\  length,,  vessels  are  distinctly  visible 
in  the  branchia^:  with  blood  corpuscles  circulating  in  their  interior. 
It  is  difficult  to  ascertain  exactly  the  mode  in  which  these  vessels  are 
formed.  Accorduig  to  Prevost  .and  Lebert,  the  embryonic  corpuscles 
become  gradually  diaphanous ;  the  globules  separate  from  one 
■another  towards  either  side,  leaving  between  them  a  central  .space 
iN'hich  is  occupied  by  the i  vessel.  They  suppose  it  probable  that 
tlifere  exists  in  the  young  frog  a  membranous  expansion  around  the 
vitellus,  beneath  its  outer  envelope,  to  which  they  give  .the  .n£^lJlo 
"hetooplastic  membrane,"  and  from  which  they  beheye  the:ihl0<*i 
vessels  are  formed.  According  to  the  observations  of  Kolliker,  on.  the 
other  hand,  it  would  appear  that  the  vessels  in  question  must  be 
formed  by  the  transformation  .of.  ■  cells  in  the  mannei;  stated-  by 
Schwann.  As  regards  their  structure,  they  appear  at  first  as  chan- 
nels between  the  embryonic  corpuscles their  niargijos  ai-e  not 
straight  and  parallel  to  each  otlier,  butrax-e  -taore.  ov Jess  erenated 
from  the  projection  inwards  of  the  embryonic  coi'puscles,  situated;on 
either  side.  The  vessels  cannot  bowever  be  regarded  as^mere  inter- 
cellular spaces  as  some  have  stated,  inasmuch  as  they  ■  have  ialw^yts 
a  membranous  w^all  distinct  from;  that  of  the  neighbouring  cells. 

In  embryos  measuring  from  five  to  six  hues  in  length,  the  bran- 
chial vessels  are  much,  more  distinct  and  tiie  circulation  within  them 
more  active.  The  vessel's  appear  to  be  Avider  than  before,  and  at 
the  same  time  their  margins  are  more  straight  and  :parallel  to  each 
otber.  The  membrane  of  which  their  M-alls  are  formed  ig.also  .mu/jh 
more  distinct.  It  presents  the  aspect  of  a  thin  transparent  liomo- 
geneous  texture  in  which  may  occasionally  be  seen  one  pr  two  more 
or  less  oval  granular  bodies .  presenting  ,  the  character,  of.  njiqlei. 
These  give  rise  to  a  thickening  in  the  wall  of  the  vessel  at  the  points 
.  where  they  occur.  The  existence  of  these  nuclei  would  seem  to  in- 
dicate that  the  membrane  constituting  the  wall  of  the  vessel  had  been 
formed  by  the  amalgamation  of  cells.         .  .:  ■  t  ■ 

In  the  tail  of  animals  ab.out  this  period  we 'can  also  observe  the 
circulation  partly  established.  It  pTesents  the  following  appearance  : 
along  the  •  side  of  the  chorda  dorsalis  we  find  one  large  vessel  ex- 
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tending  downwards  from  the  ceplialic  extremity  towards  the  end  of 
the  tail ;  here  it  becomes  continuous  with  another  large  vascular 
tnink  running  parallel  to  it.  In  the  former  the  current  of  the  blood 
is  from  the  head  towards  the  tail,  in  the  latter  it  is  in  the  opposite 
direction.  In  the  former  also  the  rapidity  with  which  the  blood 
circulates  is  also  seen  to  be  greater  than  it  is  in  the  latter.  The  one 
of  these  vessels  corresponds  to  the  descending  aorta,  the  other  to  the 
ascending  cava.  They  are  connected  at  different  parts  of  their 
course  by  intermediate  smaller  vessels.  The  latter  when  traced 
from  the  artery  are  seen  to  pass  outwards  for  a  little  distance  to- 
wards the  circiimference  of  the  tail ;  they  then  bend  upon  them- 
selves, and  again  passing  inwards  towards  the  chorda  dorsalis  open' 
into  the  vein.  These  intermediate  vessels  thus  form  a  series  of 
latei'al  vascular  arcs  along  each  side  of  the  chorda  dorsalis. 

As  regards  the  structure  of  the  vessel,  the  two  large  vessels  are 
so  imbedded  among  pigment  cells  that  it  is  difficult  to  observe  clearly 
the  elements  of  Avhich  they  are  composed ;  so  far,  however,  as  this 
can  be  done,  they  appear  to  consist  of  spindle-shaped  corpuscles, 
some  arranged  longitudinally  in  the  long  axis  of  the  vessel,  others 
more  or  less  ti'ansversely,  and  constituting  several  layers.  Towards 
the  point  where  the  two  become  continuous,  we  find  that  they  pre- 
sent the  appearance  of  being  composed  of  a  homogeneous  membrane. 
From  what  we  know  then  of  the  relations  of  the  larger  to  the  smaller 
vessels  in  the  perfect  animal,  it  is  probable  that  the  homogeneous 
membrane  in  question  constitutes  the  inner  layer  of  the  vessels 
tlironghout. 

The  smaller  vessels  which  have  been  described  as  forming  a  series 
of  intermediate  vascular  arcs  between  the  two  larger  trunks,  are  at 
first  only  of  sufficient  calibre  to  admit  the  blood  corpuscles  in  single 
file,  so  that  in  this  respect  they  resemble  capillary  vessels.  They 
are  also  similar  to  the  latter  in  structure,  consisting  of  a  delicate 
homogeneous  membrane  with  nuclei  here  and  there  imbedded  in  it. 
L'ike  the  vessels  in  the  branchia?,  they  can'not  be  regarded  as  mere 
intercellular  spaces. 

_  In  several  of  them  the  margins  run  parallel  to  each  other,  so  that 
the  vessel  is  of  equal  breadth  throughout.  In  others  they  are  ap- 
proximated towards  one  another  more  at  one  point  than  at  another, 
so  that  the  vessel  presents  a  contracted  and  dilated  portion.  It  is 
generally 'at  this  dilated  portion  that  the  nuclei  already  noticed  exist. 
From  this  dilated  pox-tion  of  the  vessel,  there  is  also  not  unfrequently 
observefl  a  process  passing  outwards  for  a  short  distance  in  the 
direction  of  the  circumference  of  the  tail. 

In  tadpoles  farther  advanced  we  find  a  second  series  of  vascular 
arcs  formed  external  to  the  first.  The  vessel  of  which  each  of  these 
secondary  arcs  is  formed,  may  be  described  as  arising  from  one  of 
the  first  series  of  arcs  passing  outwards  towards  the  margin  of  the 
tail,  and^  then  bending  upon  itself  again  runs  inwards  and  joins  the 
next  phinary  arc  below  that  from  which  it  arose.    The  vessels  in 
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the  second  series  of  arcs  resembk  in  struciture  .those  of  the  first. 
The  latter,  in  animals  about  this  period,  are.  con?ider%J)ly  wider 
and  of  much  more  uniform  calibre  than  in  younger  embryos. 

The  changes  which  take  place  subsequently,  consist  mey^ly  in  the 
formation  of  new  vascular  ai'cs,  intermediate  and  exterpal  to  those 
already  formed,  until  at  length  they  constitute  a  completej^etwork 
which  extends  over  the  entire  breadth  of  the  tail  of  the  animal. 

.  111.  regai'd  to  the  structures  from  which  these  vessels  are  formed, 
there  can  be  little  doubt  that  these  are  the  embryonic  cells.  The 
tail  of  the  young  tadpole  presents  the  following  structure:  'Exter- 
nally is  a  layer  of  dark  pigment  cells  the  same  as  those  compdsing 
the  vitelline  membrane  already  described ;  along  the  middle  line 
runs  the  chorda  dorsalis,  and  on  each  side  of  it  a  number  of  more 
or  less  elongated  endiryonic  cells  in  process  of  being  developed 
into  muscular  fibre.  The  rest  of  the  tail  is  entirely  coin po.'^ed  of 
oval  and  round  embryonic  corpuscles  filled  with  granules,  and  pre- 
senting the  same  character  as  those  already  described.  •  By  degrees 
it  becomes  more  transparent  by  the  ynirtial  disappearance  of  the 
pigment  from  tlie  cells  forming  tlie  external  layer,  as  well  as  by  the 
se])aration  of  these  from  one  another  by  the  development  of  new 
cells  between  them  which  contain  little  or  no  pigmentary  matter. 
At  the  same  time,  the  granular  matter  contained  in  the  embryonic 
corpuscles  gradually  decreases,  and  at  the  same  time 
these  latter  send  off  two  or  three  processes  in  differ- 
ent directions,  so  as  to  present  the  aspect  of  branching 
or  caudate  cells.  The  ])rocesses  of  neighbouring  cells 
are  often  seen  to  be  united  (fig.  9).  From  these,  then, 
according  to  the  observations  of  KoUiker,  tlie  blood- 
vessels are  formed — the  nuclei  which  we  have  men- 
tioned as  seen  in  the  walls  of  the  latter,  being  the 
persistent  Tuiclei  of  the  former.  The  dilatation  which 
we  have  described  as  occurring  in  the  vessels  when 
recently  formed,  corresponds  to  the  cavity  of  the 
cell,  wiiile  the  con.stricted  portions  of  the  same  corre- 
spond to  its  caudfe  or  processes.  Of  the  same  na- 
tiire  is  the  process  which  is  seen  pa^.^ng  off  from 
piie  or  more  of  the  vascular  arcs  towards  tlie  margin 
ef  the  tail.  ;  : 

.  hi  BlammaUa.. —  1.  Larger  Vei=sels. — If  a  portion  Jjjo^ 
of  any  of  the  larger  arteries,  such  as  the  hypogv-jstric, 
cai'otid,  or  aorta  in  foetal':  calves  about  ah  inch  in 
length  be  examined,  its  vv.alls  will  be  found  to  be 
coiiiposed  of  ejubr)'|enic  corpuscles  and  spindle-shaped 
cells  in  different; stages  of  developn-.ent. 

Towards  the  iuterier  of  tlie  vessel,  there  ai'e  several 
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Fio.g.— Stellste 
cells  ill  the  tail  of 
tlio  tjulpiile,  deve- 
loping into  capil- 
lary vessels.  '2o<) 


Fig.  10. — Inner 
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Fig,  ]],— Suc- 
ceeding layer  in 
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composed  of.spm- 
dle-shaped  corpus- 
cles,. 'iCiO  diam.i , 


find  spindle-shaped  corpuscles  more  or  less  perfectly  formed, 
more  perfectly  developed  of  these  bodies  are  situated 
towards  the  exterior  of  the  walls  of  them.  These 
bodies  present  the  same  character  as  the  bodies 
which  we  find  in  the  walls  of  the  vessels  in  the  adult 
animal,  and  which  have  been  described  by  Kolli- 
kei'  .as  organic  muscular  fibres.  In  the  present 
case,  however,  I  think,;  there  can?.{be  little  adoubt, 
that  they  are  merely  transition  stages,  in  .tiie  forma- 
tion of  fibres  (figs.  11,  12,  and  13).  '.  -  !  fc 

There  is  as  yet  no  distinction  into-^'inner,  middle 
and  external  coats. 

As  regards  the  direction  of  these  spindle- 
shaped  coi'puscles,  most  of  them  appear  to  be 
arranged  in  a  direction,  niore  or  less  obliquely 
to  the  long  axis  of  the  vessel.  Some  are  ar- 
ranged more  or  less  at  right  angles  to  these. 
The  latter  are  not  collected  together,  so  as  to 
constitute  a  single  distinct  layer  or  coat,  but 
are  found  intermingled  with  the  others  through- 
out the  entire  thickness  of  the  coats  of  the 
vessel. 

2.  In  foetuses  four  inches  long,  the  solid 
spindle-shaped  corpuscles  are  increased. in  num-  250  dinm'. 
ber,  and  towards  the  exterior  o£' the  ivessel  distinct  fibres"' are  seen 
formed  by  the  union  of  two;  or  more  of  these  "bodies.  ■  The  layer 
of  embryonic  corpuscles  with  the  homo^ijeueous  mati;ixj.  in  which 
tliey  are  imbedded,  presents :  the  appearance  of  awmoi'e  or  less  con- 
sistent membranous  structure,  lining  the  inteirititicvf  {liiavvesseli'  *  '^'j 

3.  In  embryos  pretty  far  advajlced,  as  in /  those  measuring' about 
18  inches  in  length,  the  arteries-  ; have  the  ^£61  lowing  structure. 
Lining  the  interior  of  ' the  vessel  is  .lone  or  taore  layers  of  bodies 
resembling  tliejprimary  or  embrydnic  coi'puscles.  Pro- 
ceeding outwards  are  found  fibres  presenting  the  fol'- 
lowing  characters.3r*they  are  smooth,' for  the  most  part 
cylindrical,  and  mea-rare  from  ^-2.^-(Y;(^th'to  xo.oou^'^ 
an  inch  in  diameter.    Maa\y -.of  them ::are  branched 
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Figs,  f  2  '1.3  — L&'i'ers 
Ttiorp  extci-rial  in  thi  same 
vessel-,  in  difj'ereut,.  stages 
of  devcloptaenit  inio  fibres. 


Mingled 


and  anastomose  with  neighbouring  fibres 
with  these  are  cdnsiderable  attuiabeiiStff"! spindle-shaped 
corpuscles.     Still  furthelr  outuiirils  Itlie  walls  consist 
almost  entirely  of  fibres,  the  spindle-shaped  corpuscles 
either  not  existing,  or  being  very  few  in  number.  ; 

Besides  the  set  of  fibres  above  described  which  corre- 
spond to  what  is  called  a  transverse  coat  in  the  artery 
of  the  full-grown  animal,  we  find  another  set  of  fibi'es 
(•ro.ssing  the  former  at  right  angles.    These  >c6nsist 
'smooth,  shining,  cylindrical  fibres,  about 

breadth  as  those  in  the  other  set.    They  are  not  possessed  of  !much 


Fio,  14^.— Com- 
mon carotid  ar- 
tery of  calf  2  in. 
in  leng(li,  .show- 
ing djtttH'cnt  di- 
rections of  die 
of  librb  cella.  250 
.1  diam..       .  ■ 

the  same       -  ■  i.  •   •  ■ 
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inlibrent  elastici'ty,,  ' inasmuch .  as  they  break  across  very  readily. 
They  are  few  in  jiumber  comjiared  M'ith  the  otliers.  '  In  direction 
they  correspond  t()  the  fibres  which  have,  been  desci-ibed  by  Henle 
as  the  longitudinal,  coati  in  the  artery  of  the  animal  after  birth. 
They  are  not,  however,  collected  together  so  as  to  form  a  distinct 
and  separate  coat,  bat  are  found  intermingled  with  the  other  set  of 
fibres,  throughout  almost,  the  entire  ^thickness  of  the  walls  of  the 
vessel ;  both  sets  of  fibres  constituting  but  a  single  coatj*  composed, 
however,  of  many  distinct  laj-ers  (fig.  14.)  . 

External  to  this  we  have  a  layer  bf  whitiS  -and;  yellow  elastic  tissue, 
the  former  predominating  and  forming  a  coat  which  corresponds  to 
the  third  or  external  coat  in  the  perfect  artery. 

In  the  smaller  vessels  dpwn  toi  about  ihe. 
i^th  of  an  inch  in  diameter,  the  walls  are 
composed  of  the  same  structures  as  those  of  the 
larger  arteries. 

In  arteries  below  the  gJoth  of  an  iiicli  in 
diameter,  the  walls  are  composed  only  of  homo- 
geneous membrane  in  vvliich  round  or  oval 
nuclei  are  embedded.  This .  membrane  pre- 
sents much  the  same  aspect  als  that  which  lines 
the  larger  vessels. 

The  capillaries  appear  to  be  chiefly  formed 
from  stellate  or  spindle-shaped  cells  in  the 
same  way  as  alreadv  described  in  the  tadpole. 
The  development  of  these  vessels  is  best  studied  ^:;^S^fo:^ 
in  the  membranes  of  the  foetal  eye,  or  in  the  tion,  from  stellate  cells,  in 
gelatinous-like  substance  which  is  fo^nd  on  ^^1^^^"  °^  ^""^^  ^^o 
the  chorion  and  in  the  umbilical  cord  (fig.  15. 

There  is  a  peculiarity  in  the  arteries  of  tlie  foetus, 
which  it  may  not  be  out  of  place  here  to  mention. 
It  has  been  already  stated  that  the  walls  of  the  foetal 
arteries  are  composed  of  many  layers,  each  layer 
resembling  the  other  in  structure.  These  can  be 
distinctly  uncoiled  continuously  from  one  extremity 
to  the  other,  the  fibres  either  running  into  one 


another,  or  arranged  in  a  more  or  less  spiral  manner 

(tig.   16).  _  •  .        V  . 

A  similar  spiral  aiTangement  may  be  frequently 
observed  in  the  extern ab  coat  of  the  ^fullyriformed 
artery  in  the  animal  after  birth.    '1"/.       -     ■  i  t>.  .. Fig.  16.— UmWli- 
■  From  what  has  been  stated,  it. seems  to  follow  ^-^^^ajf^^^f-jf^q^/s  i^,!*.' 

l^tf  That  the  development  and  growth,  of  th6  piirtially  'uncoiled! 
foetal  artery  proceeds  froriuthe  interior  towards:  the  s^p^'ng;.  .ai-ranse- 

.     •       i-  j^i        '^1  ,  1  meiit  of  Its  nbns 

exterior  01, the  vessel.  •  '  in  layers,  and  als" 

i".2il,  That  all  the,  structures  occu'rringih  It-he  walls  probably  thelrspirai 
of  the  vessels ;  are  formed  from  tloei^fembiyonic  cor- 
puscles,  ! 
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3 J,  That  at  first  there  is  no  distinct  demarcation  into  inner, 
middle,  and  external  coats. 

That  the  perfectly-formed  foetal  artery  appears  to  be  com- 
posed, as  stated  by  the  older  anatomists,  of  three  coats.  The  inner 
is  formed  of  a  number  of  round  granular  bodies  resembling  the 
embryonic  corpuscles  embedded  in  a  homogeneous  intercellular 
substance.  The  middle  is  composed  of  a  number  of  superimposed 
layers,  each  layer  consisting  of  two  sets  of  fibres  intermingled 
together.  The  external  coat  consists  of  white  and  yellow  elastic 
tissue  interaiirigled. 

5th,  That  arteries  whose  calibre  is  below  the  ^^^^h  of  an  inch, 
have  their  walls  formed  of  homogeneous  membrane,  with  nuclei:' 
embedded  in  it,  similar  to  that  lining  the  larger  vessels. 

6th,  That  the  capillary  vessels  also  consist  of  homogeneous  mem- 
brane, with  nuclei  embedded  in  it,  and  appear  to  be  formed  from 
branching  cells. 
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